Extract of celery (Apium graveolens L.) seeds was investigated against phytopathogenic fungi. The light petroleum extract showed promising inhibition activities in the tests against Rhizoctonia solani and Fusarium oxysporum f. sp. vasinfecum. Chromatographic separation of the extract gave 19 fractions, one of which, QCZ-4, possessed significant inhibitory rates of 64.6%, 88.4% and 54.7% at a concentration of 100 ppm against R. solani, F. oxysporium f. sp. vasinfecum and Alternaria alternata, respectively. Major components in the active fraction were identified by GC-MS as p-(2-aminoethyl)phenol (39.7%), 3-(3,4-dimethybenzoyl) propionic acid (32.6%) and p-heptylphenol (26.9%).
The stems of celery, Apium graveolens L., family Apiaceae (formerly Umbelliferae), are commonly used as a vegetable, and celery seed oil is widely traded as a flavor and fragrance product in international markets. Compounds isolated from this species include limonene, selinene, eugenol and other terpenoids [1] [2] [3] . Celery seeds or seed extracts are also used in the treatment of rheumatic conditions, gout, asthma and bronchitis [4] . Essential oils from celery seeds and some of their isolates showed antibacterial [5] , antifungal [6] , antioxidant [7] and insecticidal activities [8, 9] .
Rhizoctonia solani is a plant pathogenic fungus with a wide host range and worldwide distribution. Alternaria fasciculata is harmful to plants distributed all over the word. More than 95% of Alternaria causes a variety of plant diseases, resulting in huge economic losses. Fusarium oxysporum strains are ubiquitous soil inhabitants that have the ability to exist as saprophytes, and degrade lignin [10, 11] and complex carbohydrates [12] associated with soil debris.
Bioassay screening of the light petroleum extract (QCZ) of celery seeds showed inhibitory activities at a concentration of 50 μg/mL against two plant fungi, Rhizoctonia solani and Fusarium oxysporum f. sp. vasinfecum (48.1% and 52.1%, respectively). In order to find the major active components of QCZ, the extract was separated by silica gel column chromatography and 19 fractions were afforded. Of these, QCZ-4 had the best activity of 64.6%, 88.4% and 54.7% against R. solani, F. oxysporium f. sp. vasinfecum and Alternaria alternata, respectively, at a concentration of 100 ppm ( Table 1) . The active fraction, QCZ-4, was shown to contain p-(2-aminoethyl) phenol (tyramine, 39.7%), 3-(3,4-dimethybenzoyl) propionic acid (32.6%) and p-heptylphenol (26.9%) by GC-MS ( Table 2) .
One of the major compounds in the QCZ-4, p-(2-Aminoethyl) phenol (tyramine) occurs widely in plants and animals, especially in marinated meat and aged cheeses. Tyramine is a bioactive substance, shown to act directly as a neurotransmitter by the discovery of a G protein-coupled receptor [13] . However, in our primary fungicide investigation, its mode of action is not known. Nout proposed acceptable levels of tyramine for fermented foods at 100-800 mg/kg [14] . Tyramine, the major component of the active fraction QCZ-4, was present at a low concentration of 100 ppm and, therefore, was believed to be safe to humans and the environment. To conclude, we report here the anti-phytopathogenic fungal activity of celery seeds against R. solani, F. oxysporium f. sp. vasinfecum and Alternaria alternata. However, further research on the relationship between the main compounds and their activity is required.
